The preparation of a range of lead(IV) complexes by metathesis of lead tetraacetate with di-and tri-carboxylic acids is described, and these compounds have been characterised by a combination of 1 H, ' 3 C and 207 Pb NMR spectroscopy. Some of these compounds represent the first complexes of lead(IV) to have been prepared from podal ligands. These complexes can be used for the α-arylation of ß-dicarbonyl substrates, in comparable yield to that achieved with lead tetraacetate.
Introduction
Lead(IV) compounds have been shown to mediate a wide range of oxidising processes. 1 " 5 More recently, the α-arylation of ß-dicarbonyl substrates, mediated by lead(IV) 6 ·' and bismuth(V) 8 has been extensively developed. There is now considerable evidence 8 " 10 that this process proceeds via a ligand coupling mechanism, 11 and does not proceed by a radical or ionic mechanism. We have recently investigated the preparation and reactivity of a range of simple lead tetracarboxylates derived from monocarboxylic acids 12 and dicarboxylic acids, 13 by metathesis of lead tetraacetate(LTA). We chose carboxylic acids as ligands because of their known stability under mild conditions to the highly oxidising lead(IV) species, although more forcing conditions can induce decarboxylation. 3 In this paper, we describe an investigation of the application of various podands for co-ordination to lead(IV), and an examination of the chemistry of the derived lead(IV) complexes. Our aim has been to identify ligands which give organic-soluble lead(IV) systems, capable of reacting as 2-electron oxidants, and which are also capable of carbon-carbon bond formation. The co-ordination chemistry of lead(IV) chemistry has been little explored, although the co-ordination chemistry of highly oxidising transition metal cations has been extensively developed.
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Results and Discussion
Since the preparation of podand complexes of lead(IV) necessarily required the formation of mixed ligand complexes, we needed to first demonstrate that such complexes of lead(IV) were accessible. Preliminary investigations involved the synthesis of the complexes 1-5 (Scheme 1) with the carboxylates indicated in Table I . Such compounds could be easily obtained using the published method, 12 and involved stirring LT A and the appropriate stoichiometry (m and η equivalents) of the desired ligands (R 1 C02H and R 2 C02H respectively) in toluene.
Scheme 1
Evaporation of the solvent in vacuo led to azeotropic removal of acetic acid, displacing the reaction in Scheme 1 to the right. The range of complexes 1-5 from a variety of simple carboxylic acids (benzoic, cinnamic, cyclohexanecarboxylic, m-methoxybenzoic, and obenzoylbenzoic acids) with differing stoichiometries was prepared according to this methodology. Also prepared were the complexes 9-13 derived from pimelic acid 6, Rebek's diacid 15 7 and Kemp's triacid 16 8, respectively, with other simple carboxylates (R 1 C02H) to complete the charge and co-ordination requirement for lead(IV), giving an overall neutral complex. That ligand oxidation had not occurred was readily demonstrated from a combination Some Novel Lead(lV) Tetracarboxylates: Reagents for Carbon-Carbon Bond Formation of 1 H, 13 C and IR spectroscopic examination of the complexes, which clearly indicated that the ligands were intact; the stoichiometry of the complexes was determined by combustion analysis, and by integration of the 1 H NMR spectra. We have recently found 207 Pb NMR spectroscopy to be a useful tool to probe the solution structure of such complexes, 12 · 17 and examination of some of the complexes gave the 207 Pb spectroscopic data shown in Table II . In general, the complexes 2, 3 and 5 displayed broad resonances at room temperature in the range characteristic for lead(IV), which could be resolved by cooling to 253 or 223K; at this temperature, up to five signals were obtained, corresponding to complexes derived from all possible combinations of ligands at lead(IV), although the population of these was not always equal, and was generally weighted in favour of those ligands present in greater stoichiometric quantities. These results confirmed earlier findings 17 that complexes derived from more than one carboxylic acid are in fact in rapid equilibrium in solution, giving up to a maximum of 5 species in which the ligands (generically indicated as A and Β in Scheme 2) are interchanged. However, even in the case of complexes 9,11-13 in which it was hoped that mononuclear complexation with less facile ligand exchange might be favoured, 207 Pb NMR spectroscopy indicated that ligand exchange was indeed taking place, since the spectra showed more than the expected number of resonances (that is, a maximum of five), which were considerably broadened; with these polyco-ordinating ligands, it seems that, in addition to dynamic ligand exchange, the possibility of the formation of oligomeric or polymeric complexes in solution is increased, giving higher numbers of different Pb(IV) species in solution and therefore more complex spectra.
An examination of the reactivity of some of the complexes was carried out. Using the Pinhey procedure for arylation 18 (Scheme 3), the arylated product 15 derived from methyl Meldrum's acid 14, phenyl boronic acid and a catalytic quantity of Hg 2+ was obtained using a number of the lead(IV) complexes as shown in Table II . Compared to LTA, the yields using these novel complexes were lower, and this presumably reflects the greater stability of these complexes, and the low isolated yields are due to the difficulty of obtaining the pure product during chromatographic purification. Nonetheless, these results indicate that most of these complexes were not so stable that they were unreactive, and incapable of further ligand exchange, which leads to carbon-carbon bond formation. However, the complex prepared from LT A, ligand 16 and benzoic acid (each 1 equivalent), which could be readily obtained using the general method outlined above, was insoluble in all solvents except DMSO, and was also found to be unreactive under the arylation conditions of Scheme 3.
Some Novel Lead(IV) Tetracarboxylates: Reagents for Carbon-Carbon Bond Formation
Thus, a variety of lead(IV) compounds derived from a range of podal ligands have been prepared. Although ligand exchange has been observed in solution, only some of the lead(IV) complexes have been found to be useful for arylation reactions.
